Due to the greenhouse effect of SF 6 , the research on alternative insulation gases is currently a hot topic in high voltage engineering. The refrigerant gas such as HFC-227ea with low GWP has stable chemical properties, and high dielectric strength because of a large number of fluorine atoms. However, it is necessary to add buffer gases for relatively high liquefaction temperature(−16.7 • C) of HFC-227ea. In this article, the dielectric strengths of HFC-227ea and its gas mixtures under different gas pressure, mixture composition and ratio are investigated under DC and AC electric fields. At atmospheric pressure, the results show that the breakdown voltage of HFC-227ea mixed with N 2 or CO 2 could only account for 60% of SF 6 gas. When HFC-227ea is mixed with HFC-125, which has similar chemical composition and structure, their dielectric strength can reach at least 80% of SF 6 gas and the gas mixture shows good synergistic effect. At higher gas pressure, the HFC-227ea/HFC-125 gas mixture at pressure of 0.8 MPa and low HFC-227ea content has the best insulating performance and it is suitable for a lower operating temperature, demonstrating the potential of substituting SF 6 for gas insulated electrical equipment.
I. INTRODUCTION
SF 6 , with its excellent dielectric properties, is widely applied as an insulation gas in long-distance and large-capacity electric power transmission equipment, especially gas insulated switchgear (GIS) and gas insulated transmission line (GIL) [1] . However, the global warming potential (GWP) of SF 6 is 23,500 times that of CO 2 . Its life span is 3,200 years in atmosphere and extremely hard to degrade. SF 6 gas is listed as one of the restricted greenhouse gases, and the Kyoto Protocol requires basic restrictions on its use by 2020 [2] , [3] . In addition, SF 6 will produce a number of toxic decomposition products containing fluorine after gas breakdown [4] , [5] . Therefore, it becomes a hot topic to find insulating substitute The associate editor coordinating the review of this manuscript and approving it for publication was Boxue Du . gases with dielectric strengths equivalent to or better than that of SF 6 and relatively low GWP values.
In order to find a good substitute for SF 6 , the GWP, relative dielectric strength (E r ) and liquefaction temperature (T b ) are the main parameters for evaluation. Besides, the ozone depletion potential value (ODP), biological toxicity LC 50 , arc extinguishing ability and decomposition products need to be considered. The current research has focused on two aspects. Firstly, buffer gases, such as N 2 and CO 2 , are used to reduce the consumption of SF 6 and decrease liquefaction temperature while ensuring dielectric strengths of gas mixtures [6] Secondly, new insulating alternative gases or their gas mixtures are explored to completely replace SF 6 in gas insulated equipment. The SF 6 alternative gases consist of conventional gases (N 2 , CO 2 , air, etc.) [7] - [9] , CF 3 I gas [10] , PFC gases (c-C 4 F 8 , etc.) [11] , perfluoroketone gases (C 5 F 10 O) [12] , perfluoronitrile gases (C 4 F 7 N) [13] , refrigerant gases (HFO-1234ze and R-134a) [14] , [15] , and so on [16] , [17] .
In recent years, scholars have conducted lots of research on the dielectric strengths and other characteristics of SF 6 substitutes. The fundamental principle is that potential alternative gases should have insulation strength and liquefaction temperature that are not weaker than SF 6 gas [18] . Xiao et al. conducted experiments on the insulation characteristics of CF 3 I and its gas mixture under power frequency and lightning impulse. The polarity effect of CF 3 I gas was found under lightning impulse voltage [19] - [21] . They calculated the effective ionization coefficients and electron transport parameters. The limiting field strength of CF 3 I gas mixtures is derived by solving Boltzmann equations. It was found that the (E/N ) lim values of gas mixture with 70% CF 3 I are basically the same as that for pure SF 6 [22] . Zhang et al. calculated the decomposition properties of C 4 F 7 N/CO 2 and the compatibility between C 4 F 7 N gas mixtures and materials used in the equipment such as copper, aluminum and silver based on DFT theory and ReaxFF molecular dynamics simulation [23] , [24] . They also studied the toxicity mechanism of C 4 F 7 N/CO 2 [25] , providing a reference for engineering applications of C 4 F 7 N gas mixture. Simka and Stoller et al. from ABB company studied C 5 F 10 O gas mixture as an alternative to SF 6 . The results show that under certain conditions, the gas mixtures of C 5 F 10 O, O 2 and CO 2 can achieve dielectric strength similar to that of SF 6 , while the current interruption performance is worse than that of SF 6 [12] , [26] GIS using C 5 F 10 O/air as insulation gas has been put into trial operation in a substation in Zurich, Switzerland [27] . The 420 kV gas insulated busbar (GIB) filled with C 4 F 7 N/CO 2 has also been applied in the UK National Grid [28] . Lesaint et al. measured the breakdown voltage of HFO-1234ze under DC ramp and impulse voltage. Its breakdown voltage varies from 74% to 94% of SF 6 . And solid by-products are generated, taking the form of black dust, but they do not produce a decrease of breakdown voltage [29] . Koch et al. applied the stepped leader model to predict the breakdown voltage of HFO-1234ze with the measurement of statistical and formative time lags and the simulation results agree very well with the experiments. HFO-1234ze exhibited similar insulation properties to SF 6 , and it could be considered as admixture for high voltage insulation [30] . Ullah et al. studied the insulating properties of R-134a and its mixture with CO 2 , N 2 and air. The R-134a gas provided 0.85 times dielectric strength, compared to SF 6 and possessed good synergistic effect with buffer gases. However, carbon deposited on electrode and breakdown voltage decayed significantly after 12 breakdowns [31] , [32] .
Compared with SF 6 , the GWP of aforementioned novel alternative insulating gas is much lower. But they still have some shortcomings, such as much higher liquefaction temperature. So they are often required to be used with buffer gases, which will reduce the insulating performance. Although the dielectric strengths of C 5 F 10 O and C 4 F 7 N are almost twice as SF 6 , the manufacturing costs are expensive.
Besides, the self-recovery characteristics of alternative insulating gases still need further research. In order to search for environmentally friendly insulating gases, we focus on other fluorine-containing gases. Among them, the refrigerant and fire extinguishing agent gases represented by heptafluoropropane (HFC-227ea, C 3 HF 7 ) and pentafluoroethane (HFC-125, C 2 HF 5 ) not only have stable chemical structure, but also contain a large number of fluorine atoms, showing great research potential. HFC-227ea is an environmentally friendly gas containing fluorine. Its GWP is only 2,900 and ODP is 0, which has little impact on the atmosphere. HFC-227ea, as a mature gas in industrial production, has low production cost. However, the liquefaction temperature of HFC-227ea is relatively high, −16.7 • C, and it is necessary to be mixed with buffer gases [29] . In addition to conventional gases such as CO 2 and N 2 , another refrigerant gas HFC-125 will be selected as buffer gas to further improve the dielectric strength of the gas mixture. Its liquefaction temperature is −48.1 • C, GWP is 3,500 and ODP is 0 [33] , [34] . The molecular structures of HFC-227ea and HFC-125 are shown in Fig. 1 . Their liquefaction temperature, GWP and atmospheric lifetime compared with other alternative insulating gases are shown in Table 1 . The liquefaction temperature of HFC-227ea is relatively low within the alternative insulating gases, but it is much higher than that of SF 6 . Currently, there is few research on insulating properties of HFC-227ea. As an electronegative gas containing fluorine atoms, HFC-227ea can be expected for a high dielectric strength. Therefore, we take environmental protection, liquefaction temperature, insulating strength and other facts into consideration, and choose HFC-227ea as the research object of alternative insulating gas. In this paper, we build a gas breakdown experimental set-up with a needle-plane electrode. The dielectric strengths of HFC-227ea and its gas mixtures under different pressure, gas composition and mixing ratio are tested under DC and AC electric fields. Conventional gases such as CO 2 , N 2 and synthetic air, as well as HFC-125 are selected as buffer gases. The effects of gas composition, mixing ratio, pressure and applied voltages on the insulation performance of the novel alternative gases are systematically studied. It also provides a reference for the application of HFC-227ea in high voltage insulation equipment.
II. EXPERIMENTAL SET-UP AND METHOD A. EXPERIMENTAL SET-UP
The gas breakdown experimental set-up is shown in Fig. 2 . The high voltage source represents the negative DC voltage source and the power frequency AC source. The negative high voltage DC power supply is Teslaman TD2202. Its maximum output voltage is −120 kV, output current is 20 mA, voltage ripple is 1% rms, and adjusting resolution is 0.02% of the rated voltage. The rated output voltage of power frequency AC source is 100 kV and maximum output current is 0.1 A. The high voltage is measured by North Star PVM-1 probe with a maximum frequency of 80 MHz, and a voltage divider ratio of 1000:1. The current is measured by a Pearson 6595 Rogowski coil with an output ratio of 1 V/A. The measured voltage and current data are recorded by a Tektronix MDO3024 oscilloscope with a sampling rate of 2.5 GS/s and bandwidth of 200 MHz. The needle-plane electrode in breakdown experiment is made of copper. The curvature radius of needle tip is 1 mm and the diameter of plate electrode is 150 mm. The distance between the needle and the plane is fixed at 5 mm. The gas discharge chamber has an inner diameter of 300 mm, a height of 320 mm and a chamber volume of approximately 20 L. Its maximum gas pressure is 1 MPa with limiting vacuum of 1 Pa, and its withstand voltage is 150 kV.
In the experiment, the gas purity of HFC-227ea and HFC-125 are both 99.9%. The purity of SF 6 used is 99.997% and the purity of N 2 and CO 2 as buffer gases is 99.999%. The synthesis air is made of 80% high-purity N 2 with 20% highpurity air. The content of HFC-227ea is 20% when mixed with conventional buffer gases (N 2 , CO 2 and synthetic air) and the content of HFC-227ea is 20%, 40%, 60% and 80% when mixed with HFC-125.
B. EXPERIMENTAL METHOD
The inside walls of the chamber and the surface of electrodes are cleaned with acetone, absolute alcohol and deionized water before gas breakdown experiments. Then the chamber is closed after drying for 12 h. After cleaning, the experimental chamber is evacuated into a vacuum. The buffer gas is pumped into the chamber to 0.1 MPa, then the chamber is evacuated again. The above steps will be repeatedly three times.
Based on Dalton's law of partial pressure [36] , the mixing ratio of each gas is equal to its partial pressure ratio. When the gases are pumped into the experimental chamber, the partial pressure of each component could be calculated according to the mixing ratio. The chamber is firstly filled with gas of lower partial pressure and then the gas of higher partial pressure. The inflation rate is kept slow and stable during the whole process. The gases in the experimental chamber are fully mixed for 1 h. The temperature inside the chamber is stable at 20±2 • C during the experiment.
When the DC breakdown test is carried out, the applied voltage startes from 0 kV and rises at a constant rate of 10 kV/min until the gas gap breaks down. The discharge voltage is recorded as the DC breakdown voltage. The breakdown test is repeated for 50 times at 300 s intervals to obtain the average breakdown voltage value. After each breakdown, we will wait for 300 s to reduce the impact of previous discharge. When the AC breakdown test is carried out, the applied voltage is raised to about 70% of the estimated breakdown voltage at a uniform speed, then raised by 5∼10% of the initial voltage until the insulation gas breaks down between the gap. This voltage is recorded as the AC breakdown value. The breakdown test is repeated for 25 times at 300 s intervals to obtain the average breakdown voltage value. Before the experiments, the relative dielectric strength of CO 2 , N 2 and synthetic air was measured and compared with the data in the reference [37] . The experimental results agreed well with the data in reference. Therefore, the scheme of experimental setup is feasible and the experimental results are accurate and effective.
C. LIQUEFACTION TEMPERATURE OF GASES
Due to the limitation of minimum operating temperature in gas insulated equipment, the liquefaction temperature and The saturated vapor pressure of gas mixture is calculated according to the gas-liquid equilibrium law:
P 1 and P 2 are the saturated vapor pressures of two gases. P is the saturated vapor pressure of the gas mixture. x and y are the mole fractions of one gas in liquid phase and gas phase, respectively. The saturated vapor pressures of HFC-227ea/HFC-125 gas mixture at different temperatures can be calculated by equation (1)∼(3), as shown in Fig. 3 . In Fig. 3a , the saturated vapor pressure of HFC-227ea/HFC-125 gas mixture increases with the HFC-125 content. The saturated vapor pressure of gas mixture increases nonlinearly with temperature. Fig. 3b shows the saturated vapor pressure of HFC-227ea/HFC-125 gas mixture varying with the mole fraction of HFC-227ea at different temperatures, which reveals the maximum pressure for different ratio of gas mixtures at different temperature. In addition, it also provides the theoretical basis for selecting the highest pressure of different proportions in this experiment.
III. EXPERIMENTAL RESULTS AND ANALYSIS A. BREAKDOWN VOLTAGE OF HFC-227EA MIXED WITH CONVENTIONAL BUFFER GASES
The DC breakdown voltage of HFC-227ea and its mixture with CO 2 , air and N 2 in needle-plane gap at 0.1 MPa is shown in Fig. 4 . The dielectric strength of pure HFC-227ea is 150% of SF 6 and its mixture with CO 2 and N 2 could reach about 83% and 80% of SF 6 , respectively. Due to the absence of oxygen in HFC-227ea/CO 2 and HFC-227ea/N 2 mixtures, the oxidative decomposition during breakdowns is relatively less. The dielectric strengths of the two gas mixtures could be maintained after multiple breakdowns and the breakdown value is higher than that of HFC-227ea/air mixture. The AC breakdown voltage of HFC-227ea and its mixture with conventional buffer gases at 0.1 MPa is shown in Fig. 5 . The dielectric strength of HFC-227ea is close to that of SF 6 and its mixture with CO 2 or N 2 could reach about two thirds of SF 6 . Compared with DC electric field, the relative dielectric strengths of HFC-227ea and its gas mixtures decrease under AC electric field. However, the dispersions of the gas breakdown voltage are still at low levels, and the insulation self-recovery characteristics after multiple breakdown are good.
B. BREAKDOWN VOLTAGE OF HFC-227EA MIXED WITH HFC-125
The experimental results show that the breakdown voltage of pure HFC-227ea is as good as SF 6 under DC and AC electric field. However, due to a higher liquefaction temperature of HFC-227ea, a certain amount of buffer gas must be mixed with HFC-227ea to adapt to the higher pressure and lower ambient temperature in practical use. When HFC-227ea is mixed with CO 2 , N 2 and other conventional buffer gases, the dielectric strengths of HFC-227ea gas mixtures are only 60∼70% of SF 6 . Another refrigerant gas, HFC-125, with similar chemical composition and structure to HFC-227ea is considered as the buffer gas. HFC-125 has a liquefaction temperature of −48.1 • C, and its dielectric strength is about 70% of SF 6 . Therefore, HFC-227ea/HFC-125 gas mixture could obtain lower liquefaction temperature and good insulating properties at the same time.
After mixing HFC-227ea and HFC-125 at the ratio of 20%/80%, 40%/60%, 60%/40% and 80%/20%, the DC breakdown voltage at atmospheric pressure is shown in Fig. 6 . The dielectric strength of the gas mixture containing 20% HFC-227ea has reached 79% of that for pure HFC-227ea and 97% of that for SF 6 . Moreover, when HFC-227ea content increases to 80%, the dielectric strength also increases to 120% of SF 6 , which is close to pure HFC-227ea. As the number of breakdowns increases, the breakdown voltage of HFC-227ea/HFC-125 gas mixtures fluctuates. Meanwhile, it does not show a significant downward trend, and its insulation performance remaines a high level after multiple breakdowns. The AC breakdown voltage of HFC-227ea/HFC-125 gas mixtures at atmospheric pressure is shown in Fig. 7 . The breakdown voltage of gas mixture containing 20% HFC-227ea is 29.32 kV, which has reached 80% of SF 6 and it increases with the HFC-227ea content, which is similar to the insulation performance under DC electric field. Even after multiple breakdowns, no solid decomposition products are found on the surface of the plane electrode or inner walls of the chamber. The insulation performance can be maintained stably after repeated breakdowns, suggesting that the gas mixtures does not substantially decompose after AC breakdown.
Compared with conventional buffer gases, HFC-125 itself contains a large amount of fluorine atoms. Although the DC and AC breakdown voltages of pure HFC-125 are 23.28 kV and 24.23 kV, respectively, which is about 70% of SF 6 . The gas mixture of HFC-227ea and HFC-125 not only has the lower liquefaction temperature, but also the broader working temperature and pressure. Moreover, the fluorine atoms in the two gases have strong electronegativity, which can absorb free electrons to form negative ions, thus hindering the collision ionization process and improving the dielectric strength. The dielectric strength of the gas mixture containing HFC-125 is more than 1.4 times that of the mixture containing conventional buffer gas at the same mixing ratio. Therefore, HFC-227ea/HFC-125 gas mixture has great research potential as a alternative insulation gases. It is suggested from the experimental results that HFC-227ea and HFC-125 gases has a synergistic effect, that is, the breakdown voltage of the gas mixture is higher than the sum of the breakdown voltages weighted by partial pressure. The equation of synergistic effect is as follow [39] .
U 1 and U 2 are the breakdown voltages of pure gases 1 and 2 (U 1 > U 2 ), U m is the breakdown voltage of gas mixture, k is the volume fraction of gas 1, and C is the calculated synergistic effect coefficient. The C value which is less than 1 indicates that the two gases have a positive synergistic effect. Otherwise, it is negative synergistic effect between the two gases. The smaller the C value, the better the synergistic effect between the two gases. The synergistic effect coefficient between HFC-227ea and HFC-125 under DC and AC electric field are shown in Table 2 . The calculated synergistic effect coefficients of HFC-227ea/HFC-125 mixtures are less than 0.32, indicating that the two gases have a positive synergistic effect. Besides, the synergistic effect coefficient between HFC-227ea and conventional buffer gases (CO 2 , air, N 2 ) are shown in Table 3 . The synergistic effect of HFC-227ea mixed with conventional buffer gases are weaker than that mixed with HFC-125. Therefore, HFC-125 can be considered as a buffer gas for HFC-227ea. 
C. RELATION BETWEEN BREAKDOWN VOLTAGE AND GAS PRESSURE
In order to further study the insulation properties of HFC-227ea/HFC-125 gas mixture, the breakdown experiments under higher pressure are carried out. Considering saturated vapor pressure varying with mole fraction at different temperatures in Fig. 3 and the ambient temperature, the appropriate maximum pressures are calculated. Fig. 8∼9 show experiment results of breakdown tests of HFC-227ea/HFC-125 gas mixtures and pure SF 6 at higher pressure.
It is seen from the Fig 8∼9 that the HFC-227ea content has some influence on the breakdown voltage. When the gas pressure is 0.2 MPa, the DC breakdown voltage of gas mixtures is increased by 49% with the HFC-227ea rising from 20% to 100%, while the AC breakdown voltage is only increased by 15%. Restricted by the saturated vapor pressure of HFC-227ea and HFC-125, the maximum gas pressure varies with the mixing ratio. The breakdown voltage of gas mixtures at their maximum gas pressure are shown in Table 4 . With the gas pressure rising to 0.8 MPa, the DC breakdown voltage of gas mixture is increased by 36% to 116.86 kV (20% HFC-227ea/80% HFC-125 at 0.8 MPa) and the AC breakdown voltage is increased by 32% to 78.74 kV (20% HFC-227ea/80% HFC-125 at 0.8 MPa).
Compared with pure SF 6 , the breakdown voltage of HFC-227ea/HFC-125 gas mixture is relatively low at higher pressure due to the saturation. Under DC voltage, the maximum breakdown voltage of HFC-227ea/HFC-125 gas mixture basically equals to that of pure SF 6 when gas pressure is lower than 0.4 MPa. But the insulating strength of the gas mixture is expected to be lower than that of pure SF 6 at higher pressure. Under AC voltage, the breakdown voltage of HFC-227ea/HFC-125 gas mixture begins to saturate at 0.3 MPa. It requires an increase of gas pressure for the mixture to reach the insulation level of pure SF 6 .
In general, the pressure of gas mixture has a great influence on the breakdown voltage. Though the HFC-227ea content is low, a strong dielectric strength could still be obtained under high pressure.
IV. COMPREHENSIVE COMPARISON OF HFC-227EA/HFC-125 AND SF 6
HFC-227ea and HFC-125 have been used as fire extinguishing agent and refrigerant in a wide range of application in our daily life. Currently, their prices are similar to that of SF 6 , namely $7,000∼11,000 per ton for HFC-227ea and $3,000∼8,5000 per ton for HFC-125. If HFC-227ea/ HFC-125 gas mixture can replace SF 6 as a novel insulation gas, the production scale will be further expanded and the cost will be reduced.
As an environmentally friendly gas, HFC-227ea has a low GWP of 2,900 and is low-toxic or non-toxic. HFC-227ea has been widely used as the refrigerant and fire-extinguishing gas. The gas decomposition occurs only at high temperatures above 600 • C, producing hydrogen fluoride, octafluoroisobutylene and other toxic substances. The GWP of HFC-125 is 3,500 and it is also low-toxic or non-toxic. Similar to HFC-227ea, HFC-125 will start decomposing at temperature of 850 • C, and produce organic poisonous gases such as octafluoroisobutylene, and inorganic poisonous gases such as hydrogen fluoride. However, the electrical breakdown decomposition products of HFC-227ea and HFC-125 gases need further study and analysis. SF 6 is an inert and non-toxic insulation gas with a GWP of up to 23,900. Its decomposition products of discharges (corona, spark or arc) are toxic and the toxicity mainly comes from the substances such as S 2 F 10 . To prevent the toxic decomposition products from threatening the insulation and personal safety, it is common to increase the insulation margin and enhance the heat dissipation to avoid the overheating fault. And it is necessary to conduct the regular tests of gas components and collect the waste gases.
The liquefaction temperature of HFC-227ea is relatively high (−16.7 • C) compared with SF 6 (−63.8 • C), which restricts its application. So it needs to be mixed with buffer gases. HFC-125, which has relatively low liquefaction temperature of −48.1 • C and similar chemical composition to HFC-227ea, is chosen as the buffer gas with other conventional gases, such as N 2 , air and CO 2 , in this paper.
According to the experimental results and analysis, HFC-227ea has better dielectric strength than SF 6 and the dielectric strength of HFC-125 is half that of HFC-227ea at atmospheric pressure. When HFC-227ea/HFC-125 gas mixture is used as the SF 6 substituted insulation gas, its dielectric strength is 1.5 times that of the gas mixtures containing N 2 , CO 2 or air as buffer gas. But it is restricted by saturated vapor pressure of HFC-227ea, which limits the content of HFC-227ea in the gas mixture at high pressure. Due to the excellent dielectric strength of HFC-227ea and the positive synergistic effect between HFC-227ea an HFC-125, the insulation properties of gas mixture can be maintained at a high level even if the content of HFC-227ea is low. When the mixing ratio of HFC-227ea/HFC-125 is 20%:80%, the liquefaction temperature of the gas mixture is about −37 • C. Their dielectric strength is not weaker than SF 6 and the breakdown voltage of the gas mixture can reach 23.37 kV/mm under high pressure. Moreover, the dielectric strength of HFC-227ea/HFC-125gas mixture can be maintained stably after multiple breakdowns, and no solid decomposition products are observed. Therefore, it is an excellent alternative gas to SF 6 .
The comprehensive comparison of SF 6 and HFC-227ea, HFC-125 as well as their gas mixtures at atmospheric pressure and 0.6 MPa is shown in Fig. 10∼11 . At atmospheric pressure, the dielectric performance and GWP of HFC-227ea are better than SF 6 , but the liquefaction temperature is only a quarter of SF 6 . Unlike SF 6 , the dielectric strength of HFC-227ea/HFC-125 gas mixtures do not increase linearly with gas pressure but saturate at high pressure. Thus the breakdown voltage of gas mixtures is only 67% (DC) and 42% (AC) of SF 6 at 0.6 MPa and it still needs to improve the insulating performance of the alternative gas. However, HFC-227ea/HFC-125 gas mixture could still be considered as insulating gases for medium and high voltage equipment.
V. CONCLUSION
(1) In inhomogeneous electric field, the power frequency AC breakdown voltage of HFC-227ea mixed with CO 2 or N 2 could reach 21.62 kV, which is only 60% of SF 6 . The gas mixtures have good self-recovery characteristics of insulation.
(2) The dielectric strength of HFC-227ea mixed with HFC-125 is improved compared with that mixed with conventional buffer gas. The AC breakdown voltage of the gas mixture containing 20% HFC-227ea reached 29.32 kV (80% of SF 6 ) and HFC-227ea have good synergistic effect with HFC-125.
(3) The experimental results show that the HFC-227ea/ HFC-125 gas mixtures under high pressure and low HFC-227ea content not only have excellent insulation performance, but also is suitable for a lower operating temperature. For instance, the AC breakdown voltage of 20% HFC-227ea/80% HFC-125 gas mixture at 0.8 MPa is 78.74 kV and its liquefaction temperature can reach −37 • C. It demonstrates the potential of substituting SF 6 for gas insulated equipment.
At present, there is few research on HFC-227ea/ HFC-125 gas mixture. Our group will focus on the substituted insulating gas and carry out further experiments in the future. For instance, we will study the decomposition and self-recovery characteristics of alternative gases, especially their gaseous and solid products after multiple electrical breakdowns. The conventional buffer gas, such as CO 2 or N 2 , will be added into the original gas mixture to form a ternary mixed gas. In order to increase the saturated vapor pressure of the ternary gas mixture, the influence of the mixing ratio on the insulation performance will be studied.
